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The first observation is reported of an anomalous attenuation and velocity dispersion
near a smectic-A-smectic-C phase transition in a liquid crystal. The anomaly is found
to be strongly anisotropic and dominated by the Landau-Khalatnikov relaxation of the
order parameter in contrast with other liquid-crystalline phase transitions.

PACS numbers: 64.70.Ew

Possible second-order phase transitions in
liquid crystals, nematic to smectic-A (N-A) and
smectic-A to smectic-C (A-C), were proposed by
de Gennes" in analogy with superfluid He (n =2,
d = 3 universality class). Of the two the l.atter has
received much less attention, though unlike the
former' no controversy surrounds the second-
order nature of theA-C transition. In this Letter
we present the first experimental evidence of the
existence of anomalies in both the attenuation and
the velocity dispersion of longitudinal ultrasound
near theA-C phase transition. '

The Ginzburg-Landau free energy for theA-C

transition can be written as'

&F=F -F.=AIOI'+&l(I'+Dl&el'+. . . ,

where P is the compiex order parameter, P =P,e'~
with g', the til. t angle of the molecular orientations
from the layer normal and p the azimuth. Above
the transition temperature T„c, (g,) is identically
zero, while below T~c it grows continuously.
The transition is driven by A (which is proportion-
al to the elastic modulus keeping the molecules
normal to the layer) going to zero. A recent x-
ray scattering study' has shown that the growth of
P, is essentially mean-field-like and an appropri-
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ate "Ginzburg criterion"' has been proposed.
In the smectic-A phase the velocity and the attenuation of longitudinal. ultrasound is given by"

v'(9)=( —2( ') cos's+
( ') Los's,

o(0) = (w'/2pv')[(2v, + v, + v, + 2v, ) cos'0+ (v2+ v~) sin'6 —2(v, + v2 —2v, ) sin220j,

where ~ is the angle between the layer normal
and the sound wave vector. In the presence of
slow rel.axation processes, additional contribu-
tions appear in the attenuation and the velocity
becomes frequency dependent. They are given by

V(~) = V(0) (1+ |,, ),v(-) —v(o)

v( )-v(o)
V'(0) 1 + &e'T' (5)

Near a second-order phase transition, the criti-
cal slowing down of order-parameter fluctuations
given by a relaxation time w causes anomalous
damping and dispersion of sound. The quantity
[V(~) —V(0)]/V(0), known as the relaxation
strength, represents the coupling between the
sound wave and the rel. axing variable, which is
the order parameter in this case.

The material studied was 4-~-pentylphenyl
thiol-4-n'-octyloxybenzoate (885) which has a T„~
of 55.7'C. A detailed x-ray scattering study' and

an ac microcalorimetry study" have been per-
formed on this material. . The multiple-path sonic
cell and the pulsed heterodyne rf spectrometer
used in the experiment are described elsewhere. "
The sample was cooled from the nematic phase
where the alignment was obtained by a magnetic

field of 20 kG and the field was l.eft on during the
measurements. " The mul. tiple-path sonic cel.l
and the rf spectrometer allowed us to perform
measurements simultaneously for two mutually
orthogonal directions of sound propagation and at
several frequencies.

Figure 1 shows the temperature dependence of
the sound vel.Deity at 2, 6, and 10 MHz for three
values of the angle 0 between the sound wave vec-
tor and the smectic-A l.ayer normal. . For 0= 90',
there is l.ittl. e enhancement of the velocity disper-
sion; for 0 = 30', the enhancement is clearly
visible; and at 0=0 it is substantial. ly l.arger.
We note that neither any enhancement of the veloc-
ity dispersion nor any unusual temperature de-
pendence of the velocity occurs above T„~. This
is in strong contrast with other liquid-crystalline
phase transitions and notably with the N-A transi-
tion. '

If the enhancement of the dispersion is caused
by a relaxation process, then from Eqs. (4) and

(5) an excess attentuation is expected. Figure 2

shows the temperature dependence of the rel. ative
attenuation at 2 MHz for 0=0'; it is barely visible
at 6=90 . We note again that in contrast with
other phase transitions' ' (1) no pretransitional
rise is seen above T„c and (2) the anomaly is
dominantly anisotropic. Together, these data
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FIG. 3. Temperature dependence of the relative at-
tenuation for 0=0, at 2, 6, and 10 MHz. The data for
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demonstrate the existence of a dominantly aniso-
tropic relaxational anomaly &which is present only E

LJ ~ 10 MHzhelot T„c. ~12 6 MHz

In order to test the nature of this relaxation 2 MHz

process, the frequency dependence of the anom-
alous attenuation was studied, as shown in Fig.
3. For all frequencies the anomaly is entirely
below T~c. The height of the peak above any
reasonab1. e background estimate depar ts markedly ~ ~$ ~ ~

from the hydrodynamic w scaling; it is more ) 4

nearly linear in u& as expected from Eq. (5). Fur-
thermore, the position of the peak (corresponding 2

to u7 = 1)"shifts closer to T„c at lower frequen-
0

cies, thereby demonstrating a strong tempera- 70

ture dependence of ~, the relaxation time, which
increases as T„~ is approached from below. The
anomalous part thus becomes small deep in the C
phase since ~ is small and again near T„c since
7 is very large, as can be seen from Eg. (5).

To the best of our knowledge no complete theoretical treatment of this problem exists. On the basis
of our preliminary observations, ' Andereck and Swift" have performed a mode-coupling calculation
above T„cof the anomaly due to the critical fluctuations. For details we refer to the original paper.
They find that the anomalies for 6=0' and 8=90' are given by

d'q x(q)
(2s)' v'+ 41"'(fl)

The terms within the brackets in Eq. (7) have op-
posite signs since T~c increases with decreasing
V 3Q p the gradient of the layer spacing, " and in-
creases with increasing p, the density. Thus
o.(0') is greater than a(90 ). In other words, the
relaxation strength is anisotropic depending upon
the sensitiveness of T„c on the smectic layer
spacing.

While the anisotropic relaxation strength is
correctly explained by this theory, no anomaly
is seen above T„c as would be expected from the
critical fluctuations. Since the anomaly is dom-
inated by effects that manifest themselves below
T„c the coupling must exist between the bulk or-
der parameter and the sound mode. The qualita-
tive behavior of the effect (i.e. , the presence of a
relaxation and the increase in the relaxation time
r as T„c is approached from below) is consistent
with the conventional Landau-Khalatnikov relaxa-
tion of the bulk order parameter. "" The rel.axa-
tion time ~ is then given by" ~ '0=A/q, where q
is a kinetic coefficient. 7 has a temperature de-
pendence of the form (Tc —T) ' in the mean-field
theory.
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Quantitative data. analysis has proved extremely
difficult because of the proximity of the N-A tran-
sition. This prevents an unambiguous assign-
ment of the background at higher frequencies as
can be seen in Fig. 3. Furthermore, below T„c
the system is multidomained even in the presence
of a magnetic field and a proper averaging over
the domains is necessary. " These problems pre-
vent an exhaustive data analysis at this stage.
We have also noticed a rapid decrease in the
velocity anisotropy upon entering the C phase
from above. This and other features will be dis-
cussed elsewhere. "

To conclude, we have observed, for the first
time, an anomalous attenuation and velocity dis-
persion of longitudinal ultrasound near an A. -C
phase transition. The anomaly is found to be
strongly anisotropic. Furthermore, no effect due

to critical. fluctuations above T„c is observed, in

strong contrast with other liquid-crystal transi-
tions. The results are consistent with a mean-
field dynamics of the Landau-Khalatnikov type:
The anomaly is due to the relaxation of the bulk
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order parameter. This result strongly supports
the view that the A. -C transition, in this material
at l.east, is of the mean-field type. The super-
conducting transition is the only other case in a
bulk system, to the best of our knowledge, where
the mean-fiel. d dynamics hol. ds." More experi-
mental work, perferably in systems with a wide
smectic-A range, would be desirable.
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